Bio Alcohol Concentration by Pervaporation with Organophilic Zeolite Membranes–influence of Protective Coatings on Fouling Tendency  by Weyd, M. et al.
 Procedia Engineering  44 ( 2012 )  549 – 552 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.08.483 
(XURPHPEUDQH&RQIHUHQFH
>2'@
%LRDOFRKROFRQFHQWUDWLRQE\SHUYDSRUDWLRQZLWKRUJDQRSKLOLF]HROLWHPHPEUDQHV±
LQIOXHQFHRISURWHFWLYHFRDWLQJVRQIRXOLQJWHQGHQF\
0:H\G+5LFKWHU27URHEHU7+R\HU,9RLJW
)UDXQKRIHU,.76*HUPDQ\
,QWURGXFWLRQ
7KHWHFKQLFDOXVHRISHUYDSRUDWLRQLVRIJUHDWLQWHUHVWIRUVHYHUDOOLTXLGOLTXLGVHSDUDWLRQV7KHUH
LVDULVLQJGHPDQGIRUFHUDPLFPHPEUDQHVIRUSHUYDSRUDWLRQDQGYDSRUSHUPHDWLRQGXHWRWKHLU
KLJK WKHUPDODQGFKHPLFDO VWDELOLW\ DQGKLJK IOX[HV6R1D$ ]HROLWHPHPEUDQHVDUHXVHG IRU
HQHUJ\ HIILFLHQW GHZDWHULQJ RI HWKDQRO >@ %XWPHPEUDQHV RI KLJK IOX[ DQG VHOHFWLYLW\ DUH RI
LQWHUHVW IRU ORZ WHPSHUDWXUH DSSOLFDWLRQV DV ZHOO IRU H[DPSOH IRU WKH HQULFKPHQW RI ORZ
FRQFHQWUDWHG DOFRKROV IURP IHUPHQWDWLRQV 7KLV SURFHVV VWHS LV RI VSHFLDO LQWHUHVW IRU
IHUPHQWDWLRQV UHVXOWLQJ RQO\ LQ ORZ DOFRKRO FRQFHQWUDWLRQV DV LW FDQ EH REVHUYHG LQ HWKDQRO
IHUPHQWDWLRQZKHQORZVXJDUVXEVWUDWHVDUHXVHG³QGJHQHUDWLRQELRIXHOV´IURPOLJQRFHOOXORVLF
PDWHULDORUIRUH[DPSOHLQEXWDQROIHUPHQWDWLRQ
2UJDQRSKLOLF 0), W\SH ]HROLWH PHPEUDQHV FDQ EH XVHG IRU WKH HQULFKPHQW RI DOFRKROV IURP
DTXHRXV VROXWLRQV E\ SHUYDSRUDWLRQ )OX[HV RI DSSUR[ NJPðK ZHUH PHDVXUHG DW
WHPSHUDWXUHVRI&ZLWKDIHHGPL[WXUHRIZWHWKDQRO>@6HOHFWLYLW\ZDVLQWKHUDQJHRI
 OHDGLQJ WR SHUPHDWH FRQFHQWUDWLRQ RI XS WR ZW ,Q FRQWDFW ZLWK IHUPHQWDWLRQ EURWKV
PHPEUDQH SURSHUWLHV GHFUHDVH FOHDUO\ UHVXOWLQJ LQ FRQVLGHUDEO\ ORZHU SHUPHDWH IOX[HV DQG
VOLJKWO\GHFUHDVHGVHOHFWLYLW\>@
7KHRU\DQG([SHULPHQWDO
0DVVWUDQVSRUWWKURXJK]HROLWHPHPEUDQHVLVFKDUDFWHUL]HGE\WKHDGVRUSWLRQRIWKHSHUPHDWLQJ
PROHFXOHV RQ WKH IHHG VLGH WKH GLIIXVLRQ RI WKH FRPSRQHQWV WKURXJK WKH ]HROLWH OD\HU DQG
GHVRUSWLRQ RI WKH SHUPHDWLQJPROHFXOHV IURP WKH ]HROLWHPDWHULDO DQG WKH YDSRURXV WUDQVSRUW
WKURXJKWKHPHPEUDQHVXSSRUW&RPSRQHQWVIURPIHUPHQWDWLRQEURWKVVHHPWRVWURQJO\FKDQJH
WKHDGVRUSWLRQDQGGLIIXVLRQSURSHUWLHVRI]HROLWHOD\HUGXHWRDGHFUHDVHRISHUPHDWHIOX[DQG
VHOHFWLYLW\RIWKHPHPEUDQH7KHLGHDRIWKHSURMHFWWREHSUHVHQWHGLVWRGHFUHDVHWKHIRXOLQJ
FKDUDFWHULVWLFV E\ FRDWLQJ RI WKH PHPEUDQH VXUIDFH E\ SURWHFWLYH OD\HUV )RU WKH FRDWLQJ
LQRUJDQLF DQG RUJDQLF VXEVWDQFHV ZHUH FKRVHQ LQ RUGHU WR FKDQJH DGVRUSWLRQ FKDUDFWHULVWLFV
DQGWRFRYHUWKHFRPSOHWHVXUIDFHWRSUHYHQWDFRQWDFWRISROOXWDQWVZLWKWKH]HROLWHOD\HU
=HROLWH PHPEUDQHV RQ WXEXODU FHUDPLF VXSSRUWV PDGH IURP WLWDQLD ZHUH SUHSDUHG XVLQJ WKH
PHWKRGGHVFULEHGHOVHZKHUH>@7KHPHPEUDQHVKDGDOHQJWKRIPPDQRXWHUGLDPHWHURI
PPDQGDQLQQHUGLDPHWHURIPP7KHFHUDPLFVXSSRUWVFRQVLVWHGRIWKHWXEXODUFHUDPLF
WXEH DQG WZRRU WKUHH LQWHUPHGLDWH OD\HUV$IWHU ]HROLWH V\QWKHVLV VRPHPHPEUDQHVZHUH OHIW
ZLWKRXWIXUWKHUFRDWLQJRWKHUPHPEUDQHVZHUHFRDWHGZLWKGLIIHUHQWNLQGRISURWHFWLYHOD\HUV
$Q LQRUJDQLF K\GURSKLOL]LQJ DJHQW ZDV XVHG LQ RUGHU WRPDNH WKH VXUIDFH RI WKHPHPEUDQHV
PRUHK\GURSKLOLFZLWKWKHDLPWRUHGXFHWKHDGVRUSWLRQRIE\SURGXFWVRIIHUPHQWDWLRQEURWKWKDW
OHDGWRDGHFUHDVHLQPHPEUDQHSHUIRUPDQFH$QLQRUJDQLFK\GURSKREL]LQJDJHQWZDVXVHGLQ
RUGHU WR IXUWKHU LQFUHDVH WKH VHOHFWLYLW\ RI WKH PHPEUDQH IRU DOFRKROV )XUWKHUPRUH VRPH
PHPEUDQHVZHUHFRDWHGZLWKDVLOLFRQHUXEEHULQRUGHUWRGHFUHDVHWKHIRXOLQJWHQGHQF\DQGWR
LPSURYHWKHVHOHFWLYLW\RIWKHPHPEUDQH
7KHPHPEUDQHV ZHUH FKDUDFWHUL]HG E\ SHUYDSRUDWLRQ H[SHULPHQWV DW WHPSHUDWXUHV EHWZHHQ
& DQG & ZLWK ELQDU\PL[WXUHV IURP HWKDQRO DQG ZDWHU DQG IHUPHQWDWLRQ EURWKV ZLWK
HWKDQROFRQWHQWVRIXSWRZW
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
550   M. Weyd et al. /  Procedia Engineering  44 ( 2012 )  549 – 552 

5HVXOWVDQG'LVFXVVLRQ
+LJKHWKDQROFRQFHQWUDWLRQVRIXSWRZWZHUHDQDO\]HGGXULQJSHUYDSRUDWLRQZLWKDELQDU\
PL[WXUH XVLQJ WKH ]HROLWHPHPEUDQHZLWKRXW IXUWKHU FRDWLQJ:KHQ IHUPHQWDWLRQ EURWKV ³)%´
ZHUHXVHGWKHSHUPHDWHFRQFHQWUDWLRQGHFUHDVHG LQRUGHUK\GURSKREL]HGPHPEUDQH!]HROLWH
PHPEUDQH ! K\GURSKLOL]HG PHPEUDQH 2QO\ WKH ]HROLWH PHPEUDQH FRDWHG VLOLFRQH VKRZHG
KLJKHUSHUPHDWHFRQFHQWUDWLRQVZKHQIHUPHQWDWLRQEURWKZDVXVHG)LJ












    
(W
KD
QR
OLQ
SH
UP
HD
WH
>Z
W
@
(WKDQROLQIHHG>ZW@
]HROLWHPHPEUDQH ELQDU\
]HROLWHPHPEUDQH )%
K\GURSKREL]HGPHPEUDQH)%
K\GURSKLOL]HGPHPEUDQH)%
VLOLFRQL]HGPHPEUDQH)%

)LJ  3HUPHDWH FRQFHQWUDWLRQ DV IXQFWLRQ RI IHHG FRQFHQWUDWLRQ GXULQJ SHUYDSRUDWLRQ
H[SHULPHQWV ZLWK D ELQDU\ ZDWHUHWKDQROPL[WXUH ³ELQDU\´ DQG IHUPHQWDWLRQ EURWK ³)%´ ZLWK
GLIIHUHQWPHPEUDQHVDWDIHHGWHPSHUDWXUHRI&DQGDSHUPHDWHSUHVVXUHRIDERXWPEDU

/RRNLQJRQWKHSHUPHDWHIOX[HV)LJKLJKHVWIOX[HVRIDERXWNJPðKZHUHPHDVXUHGZLWK
WKHSXUH]HROLWHPHPEUDQHDQGDELQDU\ZDWHUHWKDQROPL[WXUH ,Q WKLVFDVHWKHSHUPHDWHIOX[
ZDVQRWVWURQJO\GHSHQGHQWRQWKHIHHGFRQFHQWUDWLRQ:KHQIHUPHQWDWLRQEURWKVZHUHXVHGWKH
SHUPHDWHIOX[HVDOZD\VGHFUHDVHG7KHVWURQJHVWGHFUHDVHRIIOX[ZDVDQDO\]HGXVLQJWKHSXUH
]HROLWH DQG WKH K\GURSKREL]HG DQG K\GURSKLOL]HG PHPEUDQH ,Q FDVH RI ]HROLWH PHPEUDQH
FRDWHGZLWKDVLOLFRQHOD\HUWKHSHUPHDWHIOX[ZDVDEVROXWHORZHUEXWVKRZHGDOHVVGHFUHDVLQJ
WHQGHQF\
551 M. Weyd et al. /  Procedia Engineering  44 ( 2012 )  549 – 552 








    
3H
UP
HD
WH
IOX
[>
NJ
P
ðK
@
(WKDQROLQIHHG>ZW@
]HROLWHPHPEUDQH ELQDU\
]HROLWHPHPEUDQH )%
K\GURSKREL]HGPHPEUDQH)%
K\GURSKLOL]HGPHPEUDQH)%
VLOLFRQL]HGPHPEUDQH)%

)LJ 3HUPHDWH IOX[HVDVD IXQFWLRQRI IHHGFRQFHQWUDWLRQGXULQJSHUYDSRUDWLRQH[SHULPHQWV
ZLWK D ELQDU\ ZDWHUHWKDQROPL[WXUH ³ELQDU\´ DQG IHUPHQWDWLRQ EURWK ³)%´ ZLWK GLIIHUHQW
PHPEUDQHVDWDIHHGWHPSHUDWXUHRI&DQGDSHUPHDWHSUHVVXUHRIDERXWPEDU

&RQFOXVLRQV
7KH WHVWHG K\GURSKRELF ]HROLWH PHPEUDQHV VKRZHG JRRG VHSDUDWLRQ SURSHUWLHV IRU ZDWHU
HWKDQROPL[WXUHV HYHQ DW ORZ WHPSHUDWXUHV+LJK FRQFHQWUDWHG HWKDQROZDV UHFRYHUHG E\ WKH
PHPEUDQHSURFHVV
7KHXVHRIIHUPHQWDWLRQEURWKOHGWRGHFUHDVLQJSHUPHDWHIOX[HVDQGLQPRVWFDVHVWRDGHFOLQH
RI SHUPHDWH FRQFHQWUDWLRQ $PRQJ WKH XVHG SURWHFWLYH FRDWLQJV WKH VLOLFRQH UXEEHU FRDWLQJ
VHHPV WR KDYH WKH KLJKHVW SRWHQWLDO WR LPSURYH PHPEUDQH SHUIRUPDQFH ZKHQ IHUPHQWDWLRQ
EURWKV DUH XVHG GXH WR D ORZHU GHFUHDVH RI SHUPHDWH IOX[ DQG HYHQ KLJKHU SHUPHDWH
FRQFHQWUDWLRQV
5HVXOWV RI IXUWKHU FRDWLQJ DQG SHUYDSRUDWLRQ H[SHULPHQWV ZLOO EH SUHVHQWHG DQG GLVFXVVHG
7KHUHE\WKHLQIOXHQFHRIWKHYDULDWLRQDPRQJVWWKHGLIIHUHQWFRDWLQJVWUDWHJLHVZLOOEHVKRZQDQG
UHVXOWVRIORQJWLPHVHSDUDWLRQH[SHULPHQWVSUHVHQWHG

5HIHUHQFHV
>@ :H\G05LFKWHU+.KQHUW-7K9RLJW,7XVHO(%UVFKNH+(IIL]LHQWH
(QWZlVVHUXQJ YRQ (WKDQRO GXUFK =HROLWKPHPEUDQHQ LQ 9LHUNDQDOJHRPHWULH ,Q &KHPLH
,QJHQLHXU7HFKQLNSS±
>@ :H\G 0 5LFKWHU + 3XKOIXHU 3 9RLJW , +DPHO &K 6HLGHO0RUJHQVWHUQ $
D 7UDQVSRUW RI ELQDU\ ZDWHU±HWKDQROPL[WXUHV WKURXJK DPXOWLOD\HU K\GURSKRELF ]HROLWH
PHPEUDQH,Q-RXUQDORI0HPEUDQH6FLHQFHSS±
>@ :H\G 0 5LFKWHU + )LVFKHU * 3XKOIU 3 9RLJW , .KQHUW -7K E
&RQFHQWUDWLRQDQGGHZDWHULQJRIHWKDQROE\RUJDQRSKLOLFDQGK\GURSKLOLF]HROLWHPHPEUDQHV,Q
WK:RUOG)LOWUDWLRQ&RQJUHVV/HLS]LJSSOOOO
$FNQRZOHGJPHQWV
7KH )HGHUDO 0LQLVWU\ RI )RRG $JULFXOWXUH DQG &RQVXPHU 3URWHFWLRQ  LV JUDWHIXOO\
DFNQRZOHGJHGIRUWKHILQDQFLDOVXSSRUW
552   M. Weyd et al. /  Procedia Engineering  44 ( 2012 )  549 – 552 

3XEOLFDWLRQELEOLRJUDSK\

:H\G 0 5LFKWHU + .KQHUW -7K 9RLJW , 7XVHO ( %UVFKNH +  (IIL]LHQWH
(QWZlVVHUXQJ YRQ (WKDQRO GXUFK =HROLWKPHPEUDQHQ LQ 9LHUNDQDOJHRPHWULH ,Q &KHPLH
,QJHQLHXU7HFKQLNSS±
:H\G 0 5LFKWHU + 3XKOIXHU 3 9RLJW , +DPHO &K 6HLGHO0RUJHQVWHUQ $ D
7UDQVSRUWRIELQDU\ZDWHU±HWKDQROPL[WXUHVWKURXJKDPXOWLOD\HUK\GURSKRELF]HROLWHPHPEUDQH
,Q-RXUQDORI0HPEUDQH6FLHQFHSS±
:H\G05LFKWHU+)LVFKHU*3XKOIU39RLJW,.KQHUW-7KE&RQFHQWUDWLRQ
DQGGHZDWHULQJRIHWKDQROE\RUJDQRSKLOLFDQGK\GURSKLOLF]HROLWHPHPEUDQHV ,Q WK:RUOG
)LOWUDWLRQ&RQJUHVV/HLS]LJSSOOOO
.H\ZRUGVSHUYDSRUDWLRQ]HROLWHPHPEUDQHHWKDQROK\GURSKRELF


